Abstract. Owning to the advanced technology of microelectromechanical systems (MEMS), more and more precise microelectrode arrays are used to serve as neural prosthesis. Peripheral nerve injury and amputation have plagued neurosurgeons and patients. Neural interface have been served as a bridge between peripheral nerves and prosthetic limbs. In this study, to characterize the signals of culturing dorsal root ganglion (DRG) explants, a flexible electronic microelectrode arrays using SU-8 was designed to serve as neural interface to record neural signals of culturing DRG explants. The arrays are composed of thin gold electrode on a flexible material called SU-8, The materials and methods will play an important role in recording neural signals of culturing DRG explants. The goal of this study is to design an artificial limb that the amputees could control as if it was a natural extension of their own body.
Introduction
Nowadays, peripheral nerve injury led by trauma and surgery is more and more serious. Restoring senses and motor functions to injured persons enhances their capabilities and increases the standard of living, and one of the most important part of neural interfaces is to design a recording and stimulating microelectrode arrays [1] . With the development of the technology of autologous nerve grafts and the microelectromechanical systems (MEMS), it is more and more significant to repair several lesions while the donor nerves may lose function [2] . Although by decoding motor intention of the remnant muscles with a robotic limb above the amputation, and with electrical nerve stimulation to encoding sensation, amputees can realize sensory-motor intention [3] ,current devices can't adapt movement and replace lost sensory systems based on sensory feedback as a natural extension [4] . In the future, long-term appropriate sensory feedback and stable myoelectric recognition are necessary [5] . In order to increase the quality of the signals, some factors such as biocompatible materials, the size of individual electrode and the distance of each electrode must be taken into consideration [6] .
Through nervous tissue engineering in vitro, it could be patterned to an electronic nerve interface at one side, and could be integrated with the peripheral nervous system at another side, thus, a natural communication pathway with the central nervous system was formed [4] . To determine whether the stretch-grown axons retain the ability to transmit active electrical signals, we cultured special nerve tissues that could grow long using our own equipment in vitro. And then, microelectrode arrays was fabricated using microelectromechanical systems technology. The microelectrode arrays consisted a backbone structure, next evaporated metal, finally insulated the electrode trace. First of all, we chose SU-8 as a backbone structure material. Because of the excellent lithographic properties, it has been widely used as a substrate material for the fabrication of the microelectrode arrays for SU-8 photoresist [7] . In some ways, such as chemical stability, high mechanical strength and flexibility, and high compatibility with polymeric packaging, SU-8 has more advantages than silicon [8] . The mechanical mismatch between soft tissue and silicon could lead to chronic inflammation at the implantation site, and then causing specific tissue fester because of the changes in the mechanical properties of the tissues [9] . To fabrication a flexible SU-8 based microelectrode arrays which can not only be soft to prevent chronic neurons damages of the surrounding area but also sustain resistance from culturing dorsal root ganglion (DRG) explants during surgical implantation.
In order to record active electrical signals, SU-8 devices need metal patterns, and in this paper, we used the fabrication processes of sputtering gold films on SU-8 layer to form electrode trace and the arrays. At last, another SU-8 layer was fabricated on the gold trace so that it could not work normally. Compared with a silicon-based microelectrode arrays, a flexible SU-8 microelectrode arrays could reduce the nerve response because of its lower strain force so that we can have an accurate recording of the active electrical signals.
2 Design and fabrication process of the flexible microelectrode arrays
Idea of designing.
First of all, choosing proper biomaterials to design nerve conduit and scaffold, by tissue engineering, we cultured dorsal root ganglion (DRG) explants, and then we designed an axon stretch system in order to produce neural interface tissue constructs. Next, using the microelectromechanical systems (MEMS) technology to make a flexible microelectrode arrays. Finally, sputtering the microelectrode arrays under the membrane of the culturing dorsal root ganglion (DRG) explants, and with the help of a cerebus system, to stimulate the neurons and record the signals of the neurons, as depicted in Fig. 1 . 
fabrication process of the flexible microelectrode arrays
Using the advanced technology of microelectromechanical systems (MEMS) technique with a releasing method and lift-off technique of sacrificial layer to fabricate the flexible and multilayer microelectrode arrays. The fabrication of microelectrode arrays began with a thin layer of aluminum (300nm) as a sacrificial layer on a silicon substrate in order to release the microelectrode arrays once the fabrication is completed, as depicted in Fig.2 (a) . The first layer of SU-8 (40μm) was spun, and soft-baking at 65°C and then at 75°C, as depicted in Fig.2(b) , and then photolithography was applied to form the structure of microelectrode arrays, and then to be post-baking, as depicted in Fig. 2(c) . After the first SU-8 layer was developed. Photoresist called A25214 was spun, as depicted in Fig.  2(d) . Next etching unwanted pattern, as depicted in Fig. 2(e) , and then the sputtering of gold (150nm) was performed, as depicted in Fig. 2(f) . Using lift-off techniques, acetone washing was then conducted to remove the A25214, and at the same time to remove unwanted Au, forming the electrodes, pads and circuits, as depicted in Fig. 2(g) . And then, another SU-8 film was spun in order to form the insulating layer, as depicted in Fig. 2(h) , and etching to pattern the insulating layer of the metal traces as depicted in Fig. 2(i) . Finally, the complete structure of the microelectrode arrays was released by the removal of the sacrificial layer, as depicted in Fig. 2(j) [9] [10] . The pattern of the microelectrode arrays were formed as depicted in Fig. 2(k) . 
Culturing DRG explants
Based on tissue engineering, using a miniaturized bioreactor to accelerate nerve growth, the results showed that axons of the neonatal dorsal root ganglion (DRG) explants were grown with unidirectional polarity, and in the same time, with a robust regeneration, as depicted in Fig. 3 . 
Conclusions
After the fabrication of microelectrode arrays, further examined by scanning electron microscopy (SEM) will be conducted. And then using the electrochemical workstation called CHI660E to test the cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) [11] . Finally using the microelectrode arrays to determine signals of the neonatal dorsal root ganglion (DRG) explants. The acquired data would be displayed in the LabVIEW graphical in user interface (GUI) in real-time and saved for off-line analysis.
